The purpose of this study was to evaluate the findings on spectral-domain optical coherence tomography (SD-OCT) and fundus autofluorescence (FAF) in three eyes with primary intraocular lymphoma (PIOL).
Introduction
Primary intraocular lymphomas (PIOLs) are a rare subset of primary central nervous system lymphomas (PCNSLs). They are generally classified as aggressive, diffuse large B-cell lymphomas. It has been reported that 15%-25% of PCNSL cases involve the eye, but PIOLs can be present without central nervous system involvement. 1, 2 Patients with PIOL often present masquerading as uveitis with iritis, vitreous opacities, and retinal infiltrations that delay the diagnosis. In cases that are misdiagnosed as uveitis, the eye may initially respond to corticosteroids which further delays the diagnosis. 1, 2 The prognosis of PIOL remains poor, with a high tendency to progress to PCNSL. Kimura et al reported that the 5-year survival rate of PIOL was 61.1%. 3 Therefore, it is important to diagnose PIOL promptly. PIOL is diagnosed by cytologic examination of biopsies to identify lymphoma cells, and additional adjunctive diagnosis by measuring interleukin (IL)-10 and IL-6 levels in the intraocular fluids. Eyes with PIOL generally have an IL-10/IL-6 ratio greater than 1.0 in intraocular fluid. However, these examinations require invasive biopsy by vitrectomy.
Fundus autofluorescence (FAF) imaging is a noninvasive technique that can acquire a topographic map of the lipofuscin distribution in the retinal pigment epithelium (RPE) cells. Earlier studies have shown that excessive accumulation of lipofuscin in the RPE cells can occur in various retinal diseases, eg, retinitis pigmentosa and age-related macular degeneration. [4] [5] [6] [7] Thus, FAF has been used for diagnosis, determination of pathophysiologic mechanisms, and assessment of the effectiveness of a therapeutic regimen. The FAF and optical coherence tomographic (OCT) findings have recently been reported to be helpful in determining retinal abnormalities in eyes with PIOL. [8] [9] [10] [11] [12] The purpose of this paper is to report pathognomonic FAF and spectral-domain (SD)-OCT findings in eyes with PIOL within a three-patient study. This is important because FAF is a noninvasive technique that could be used for early diagnosis of PIOL.
Patients and methods
The medical records of three eyes from three patients with biopsy-proven PIOL and retinal infiltrates were reviewed. SD-OCT and fluorescein angiographic images were evaluated in three eyes and FAF images in two eyes. Aqueous humor samples were obtained before vitrectomy, and vitreous samples were obtained during diagnostic vitrectomy. The diagnosis of PIOL was made by detection of malignant lymphocytes, class IV or V, or an IL-10/IL-6 ratio .1.0 in the vitreous fluid.
The posterior fundus including areas of infiltration by lymphoma cells into the retina was evaluated by FAF and SD-OCT. FAF was performed using a TRC-50DX retinal camera (Topcon, Tokyo, Japan) with an excitation bandpass filter of 535 nm to 585 nm and a barrier bandpass filter of 615 nm to 715 nm. SD-OCT was performed with the Heidelberg Spectralis (Heidelberg Engineering, Heidelberg, Germany). The clinical and imaging characteristics of these three cases are summarized in Table 1 .
Case 1
A 57-year-old man visited our clinic with blurred vision in his right eye of 3 months' duration. He had been diagnosed with PCNSL 3 years earlier. Our initial examination showed iritis, mutton fat keratic precipitates, vitreous opacities, retinal infiltrations, and retinal vasculitis. Diagnostic vitrectomy was performed, and cytodiagnosis showed class V 
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SD-OCT and FAF findings in primary intraocular lymphoma lymphoma cells. The IL-10/IL-6 ratio in the vitreous was 12.0. Thus, a diagnosis of PIOL was made. His best-corrected visual acuity after vitrectomy was hand motion. Fundus examination revealed diffuse infiltration into the macular area and retinal vasculitis in the temporal and nasal areas ( Figure 1A ). Late phase fluorescein angiography (FA) showed hypofluorescent spots with a leopard spot-like pattern in the posterior fundus, and staining of the arteries with an avascular area in the nasal area ( Figure 1B ). SD-OCT examination showed nodular hyper-reflective infiltrations at the level of the RPE, a separation of Bruch's membrane from the RPE, partial destruction of the RPE, disruption of the photoreceptor inner segment/outer segment (IS/OS) junction line, and hyper-reflective signals in the inner retina ( Figure 1C) . A layered structure of the retina could not be detected on the temporal side. FAF examinations were not performed in this case.
The patient was treated by intravitreal injection of methotrexate. After six injections, the retinal hyper-reflective infiltrations decreased in the SD-OCT images, and the level of IL-10 in the aqueous humor became undetectable. Recurrence of PCNSL was not found.
Case 2
A 57-year-old man visited our clinic with blurred vision in his left eye of one month's duration. The initial examination showed diffuse vitreous opacities and retinal infiltrations. Diagnostic vitrectomy was performed, and cytodiagnosis revealed atypical class V lymphocytes with dyskaryosis and aberrant chromatin ( Figure 2B ). The IL-10/IL-6 ratio of the vitreous was 30.9. Thus, a diagnosis of PIOL was made.
The best-corrected visual acuity after vitrectomy was 1.0. Fundus examination revealed many small, yellow lesions with distinct boundaries resembling drusen in (Figure 2A) . A granular pattern of hypoautofluorescence and hyperautofluorescence was seen in the FAF images ( Figure 2C ). Late phase FA showed hyperfluorescence of the disc and small spots in the posterior fundus that corresponded to the hypofluorescent spots in the FAF images ( Figure 2D ). SD-OCT showed nodular hyper-reflective infiltrations at and above the level of the RPE, a separation of Bruch's membrane from the RPE, partial destruction of the RPE and IS/OS junction, and multiple hyper-reflective signals in the inner retina ( Figure 2E) . PCNSL was not detected by magnetic resonance imaging. The patient was treated by intravitreal injection of methotrexate. After four injections, the retinal hyper-reflective infiltrations decreased in the SD-OCT images and the level of IL-10 in the aqueous humor became undetectable.
Case 3
A 67-year-old man visited our clinic with blurred vision in the left eye of one month's duration. He had been diagnosed with PCNSL one year earlier. Our ophthalmoscopic examination showed diffuse vitreous opacities and retinal infiltrations in the macular area. Diagnostic vitrectomy was performed, and cytodiagnosis revealed class III lymphoma cells. The IL-10/IL-6 ratio in the vitreous was 27.4, leading to a diagnosis of PIOL.
The decimal best-corrected visual acuity after vitrectomy was 0.15. Fundus examination revealed many large whitish yellow spots with indistinct boundaries in the macular area ( Figure 3A) . The FAF images showed hypoautofluorescence and hyperautofluorescence surrounding the spots with a honeycomb shape in the macular area ( Figure 3B ). Late phase FA showed hyperfluorescence of the disc and a fluorescence pattern of the retina that was the reverse of the FAF pattern ( Figure 3C ). The SD-OCT images showed hyper-reflective infiltrations at the level of the RPE, separation of Bruch's membrane from the RPE, disruption of the IS/OS junction, hyper-reflective bands above the RPE, and hyper-reflective signals in the inner retina ( Figure 3D ). Magnetic resonance imaging showed that the PCNSL had not recurred. This patient was treated by intravitreal injection of methotrexate. After six injections, the retinal hyper-reflective infiltrations decreased in the SD-OCT images and the IL-10 level in aqueous humor was undetectable.
Discussion
The characteristics of the SD-OCT and FAF findings in eyes with PIOL were recently reported, and these imaging techniques were shown to be useful for diagnosing PIOL.
The autofluorescence pattern observed in the FAF images depends on accumulation of lipofuscin, and a normal FAF pattern indicates the presence of intact photoreceptors and normal RPE function. On the other hand, an abnormal hyperautofluorescence level indicates increased metabolic load on the RPE due to degenerated photoreceptor outer segments. A hypoautofluorescent pattern indicates an absence or death of photoreceptor cells following RPE atrophy or the presence of materials that block the FAF signals. Patients with retinitis pigmentosa frequently have an abnormally high parafoveal "autofluorescence ring". This autofluorescence ring is considered to represent the border between functional and dysfunctional retina and is correlated with retinal function and the length of the IS/OS line. 
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SD-OCT and FAF findings in primary intraocular lymphoma
The active stage of posterior uveitis is often associated with hyperautofluorescent signals in the inflammatory focus, and an inactive stage and chorioretinal atrophy have hypoautofluorescent signals in atrophic lesions. It has been reported that when the hypoautofluorescence includes the fovea, there is a decrease in visual acuity in patients with the white dot syndromes. 13 It has been reported that one of the characteristic FAF findings in eyes with PIOL is a granular pattern consisting of hyperautofluorescent spots surrounded by a hypoautofluorescent ring. 9 Casady et al reported that an abnormal autofluorescence pattern in the form of granular hyperautofluorescence and hypoautofluorescence was seen in eleven of 18 eyes (61%) with PIOL, and that all eyes with a granular FAF pattern had active PIOL at the time of imaging. 9 In their study, hyperautofluorescent spots in the FAF images were correlated with nodular hyper-reflective spots under the RPE in the OCT images in six eyes. Because FAF depends on the level and distribution of lipofuscin in RPE cells, it was suspected that the areas of lymphomatous infiltration in the sub-RPE space can alter RPE metabolism, leading to hyperautofluorescent FAF. In contrast, a granular pattern, consisting of hypoautofluorescent spots surrounded by hyperautofluorescent rings, was seen in the FAF images in our cases 2 and 3. In these two cases, SD-OCT showed hyper-reflective areas not only under the RPE but also above the RPE. We suggest that lymphomatous infiltration above the RPE might block autofluorescence from the RPE cells. Ishida et al also suggested that the hypoautofluorescence in PIOL patients is caused by RPE atrophy or the blockage of autofluorescence from the RPE by tumor cells. 12 This blockage of autofluorescence from the RPE by tumor cells might have contributed to the hypoautofluorescent spots seen in our cases 2 and 3.
It has also been reported that hypofluorescent spots with a leopard spot appearance are the most common FA pattern and these were detected in five of 14 eyes (43%) with PIOL. 9 In addition, these hypofluorescent FA spots corresponded to the hyperautofluorescent spots on FAF in all five eyes. In our case 1, the hypofluorescent FA spots also had a leopard spot appearance. It has been suggested that hypofluorescent round spots on FA corresponding to the hyperautofluorescent spots on FAF and nodular hyper-reflective signals under the RPE on OCT may indicate a blockage of choroidal fluorescence on FA by lymphoma cells infiltrating into the sub-RPE space. Velez et al suggested that solid lymphoma masses are made up of tightly packed living tumor cells without fluorescein staining because the membranes of the cells prevent entry of dye into the cytoplasm. 14 In contrast with these hypofluorescent spots on FA, our cases 2 and 3 had hyperfluorescent spots on FA with a reversed autofluorescence pattern in the FAF pattern. SD-OCT showed hyper-reflective regions not only under the RPE but also above the RPE, and lymphomatous infiltration above the RPE might lead to exudative changes in the retina, which can then lead to hyperfluorescence on FA.
Another distinctive finding in eyes with PIOL was a whitish infiltration into the retina. The areas with infiltration correspond to the hypoautofluorescence of the FAF images and hyperfluorescence of the FA images. 9, 12 Casady et al reported that blockage of FAF was seen in two of 18 eyes (11%) with PIOL. 9 Ishida et al reported that these white lesions in the OCT images corresponded to diffuse infiltration of tumor cells above the RPE. 12 It was suggested that the hypoautofluorescence was the result of blocking of autofluorescence by tumor cells above the RPE. Hyperfluorescence on FA may be due to the exudative changes occurring in the retina on invasion by lymphoma cells caused by disruption of the outer blood-retinal barrier. The white lesions around the fovea in our case 3 were hypoautofluorescent in the FAF image and hyperfluorescent in the FA image. This is consistent with earlier reports.
9,12 SD-OCT also showed tumor invasion in the form of bands above the RPE.
Intrinsic autofluorescence by malignant B-cells has been studied in vitro. 9, 15 Gastrointestinal lymphoma cells were successfully differentiated from lymphoid hyperplastic cells by autofluorescent imaging. 16 Casady et al suspected that the intrinsic autofluorescence of lymphocytes or macrophages may also contribute to the abnormal autofluorescence of PIOLs, and that FAF imaging may be useful in differentiating different types of lymphoma. 9 It was reported that nodular hyper-reflective spots in OCT images were present at the level of the RPE in six of 14 eyes (43%) with PIOL. 9 Jang et al reported that hyper-reflective signals were seen as dots, nodules, or bands throughout the retina and RPE in eyes with PIOL. These signals were especially hyper-reflective foci in the inner retina and were characteristic findings of eyes with PIOL. 2 In that study, the number of hyper-reflective foci increased with an increase in activity of the PIOL. However, hyper-reflective foci have been reported in numerous diseases, including age-related macular degeneration and diabetic macular edema 17, 18 and should be distinguished from findings seen in cases of PIOL. Chan et al reported that lymphoma cells inoculated into the vitreous can migrate and accumulate between the RPE and retina in a murine model of PIOL. 19 The results of their study 20, 21 Further, Liu et al reported that intraretinal and sub-RPE hyper-reflective materials in SD-OCT images were indeed lymphomatous infiltration. 8 In our cases, destruction of the RPE and IS/OS junction and multiple hyper-reflective signals in the inner retina were also detected on SD-OCT. Disruption of the IS/ OS junction may be related to the visual impairment, although further studies investigating the integrity of the IS/OS junction and visual recovery after treatment will be necessary.
Recent longitudinal studies have documented SD-OCT findings during the progression of PIOL. 8, 12 With progression, hyper-reflective signals appeared in the inner retina, outer retina, and then in the RPE. Although it remains unknown how lymphoma cells migrate into the retina, Chan et al suggested that lymphoma cells migrated from the vitreous to the retina in a murine model of PIOL. 19 In addition, the hyper-reflective signals have been reported to increase with progression of PIOL. 2 Thus, SD-OCT may be useful for monitoring the progression or regression of PIOL, which may then influence the management of PIOL cases.
The main limitations of this study are its retrospective nature, lack of control subjects, and small sample size. In addition, FAF was available in only two patients. Further studies examining a larger number of cases with PIOL will be needed to determine more precisely the characteristic FAF and OCT findings of PIOL.
In conclusion, this three-patient study suggests that there may be characteristic FAF and SD-OCT findings in eyes with PIOL. These noninvasive methods can be used for rapid diagnosis of PIOL and understanding of the pathology of this condition.
